Objective: To develop a calibrated item bank and computer adaptive test (CAT) to assess the effects of stigma on health-related quality of life in individuals with spinal cord injury (SCI). Design: Grounded-theory based qualitative item development methods, large-scale item calibration field testing, confirmatory factor analysis, and item response theory (IRT)-based psychometric analyses. Setting: Five SCI Model System centers and one Department of Veterans Affairs medical center in the United States. Participants: Adults with traumatic SCI. Main Outcome Measures: SCI-QOL Stigma Item Bank Results: A sample of 611 individuals with traumatic SCI completed 30 items assessing SCI-related stigma. After 7 items were iteratively removed, factor analyses confirmed a unidimensional pool of items. Graded Response Model IRT analyses were used to estimate slopes and thresholds for the final 23 items. Conclusions: The SCI-QOL Stigma item bank is unique not only in the assessment of SCI-related stigma but also in the inclusion of individuals with SCI in all phases of its development. Use of confirmatory factor analytic and IRT methods provide flexibility and precision of measurement. The item bank may be administered as a CAT or as a 10-item fixed-length short form and can be used for research and clinical applications.
Introduction
Spinal cord injury (SCI) involves damage to the spinal cord from external trauma 1 such as a motor vehicle crash, fall, or gunshot wound. Most individuals who experience an SCI lose some level of function in their limbs, resulting in dependence on mobility aids -most commonly, manual or power wheelchairs. 2 Frequent secondary complications of SCI include bowel, bladder, and sexual dysfunction, 2 chronic pain, fatigue, and mood disturbance. [3] [4] [5] Social participation, or the ability to be involved and engaged in life situations 6 such as those related to family and friends, vocation, and leisure activities -may be quite restricted.
Given the visible consequences of SCI, the experience of stigma in social settings can be profound and may have detrimental effects on individuals' health-related quality of life (HRQOL). 4, [7] [8] [9] Individuals with physical disabilities such as SCI are a minority group and stand out from the population because of their physical limitations. 8 Susman 10 describes the relationship between stigma and disability in detail, emphasizing that disabling conditions are stigmatizing to the extent that they elicit negative responses. SCI-related stigma is a result of the visibility of the condition as well as the degree that a person is dependent on help. When communicating in group settings, wheelchair-using individuals often express feelings of being dismissed as if their physical disability is also a mental disability, and report being spoken to as though they cannot comprehend. 7, 11 These findings were confirmed in unpublished focus group data described by Tulsky et al., 12 wherein participants with SCI described
feeling invisible yet conspicuous at the same time and also reported being spoken to slowly, as if their wheelchair was the sign of a cognitive impairment. These examples are the epitome of stigma. The concept of stigma, signifying a mark of shame or discredit both from one's own internalized attributions, as well as from the perceptions of others, has a long ancestry in the social sciences. Erving Goffman proposed that people are stigmatized when they possess an attribute that is considered undesirable and 'deeply discrediting. ' Goffman's work identified three aspects of stigma: character blemishes, features of identity (e.g. race, religion, sexual preference) and physical 'deformities' such as disability. 13 The societal response to such attributes may include labeling, stereotyping, and/or discrimination. 14 Though Goffman's seminal work was published over 60 years ago, it is almost universally referenced in modern publications on health-or disability-related stigma. Several theories surrounding the course of stigma exist in the literature. Goffman suggested that an individual is stigmatized by society when others can see the disability 13 and all visible disabilities or undesirable physical characteristics are certain to be stigmatized. In contrast, Schneider postulated that the state of being stigmatized was dependent on whether the individual chose to see him/herself in that way. 15 These two views compliment a more recent conceptualization in which stigma development involves three distinctions: enacted stigma, perceived (or felt) stigma, and internalized stigma. [16] [17] [18] Enacted stigma refers to episodes of discrimination and misconduct (e.g. stereotyping, labeling) towards someone who is in a stigmatized group. Perceived stigma describes one's awareness of enacted stigma and can create isolation or exclusion from normal activities, while internalized stigma implies agreement with enacted stigma and a sense of shame from it.
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Health-related stigma is based on negative characteristics of a health condition or state. 20 In the last several decades, there has been a great deal of research on the impact of stigma on individuals with conditions such as HIV/AIDS, cancer, mental illness and epilepsy. For example, a recent study examining the effects of stigma on individuals with epilepsy found perceived stigma to negatively impact physical, mental and social health outcomes.
14 Unfortunately, though cross-cultural studies suggest that the consequences of stigma are similar across health conditions, 20 data on the impact of stigma on individuals with SCI are sorely lacking.
Knowledge on the effects of stigma on individuals with SCI is hindered by the lack of available patientreported outcomes (PRO) measures of stigma for use in individuals with SCI. The Short Form Health Survey (SF-36), 21 Sickness Impact Profile (SIP), Life Satisfaction Questionnaire (LISAT-9/-1), Satisfaction with Life Scale (SWLS), 22 and the 26-item version of the World Health Organization Quality of Life Scale (WHOQOL-BREF) 23 have demonstrated reliability and validity when used in individuals with SCI, but have been developed with the general population and contain items across a wide range of physical, emotional, and social health. While useful, these instruments do not address the myriad of elements unique to SCI, and, most importantly, none assess stigma specifically.
There also exist a variety of measures intended to assess the objective existence and extent of stigma towards individuals with various types of disabilities including, most notably, the Scale of Attitudes Toward Disabled Persons. 24 However, many would argue that it is the subjective experience of stigma that can affect HRQOL. As such, it is important to assess SCIrelated stigma from the individual with SCI's own perspective. There are numerous scales measuring the subjective experience of stigma in individuals with a variety of chronic health conditions such as mental illness (e.g. Perceived Devaluation and Discrimination Scale, 25 Internalized Stigma of Mental Illness, 26 Self-stigma of Mental Illness Scale), 27 HIV/AIDS (e.g. HIV Stigma
Scale), 28 and epilepsy (e.g. Stigma Scale of Epilepsy).
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These scales do focus on many aspects of stigma (e.g. perceived discrimination, enacted discrimination, alienation) that would seem to have face validity for individuals with SCI, however none have been used in SCI research. 
Methods

Item development
The first phase of the project included development of new PRO items and evaluation of existing Neuro-QOL items for use in individuals with SCI. 32 A variety of qualitative methods were used to identify the most salient aspects of SCI-related stigma.
Individual interviews
A series of individual semi-structured interviews were conducted with 44 individuals with SCI. 33 Participants were placed in the role of 'expert' and asked to list topics or issues that were important to address when assessing HRQOL in individuals with SCI. Participants discussed issues related to stigma such as being treated differently or unfairly because of their disability, not feeling accepted in social settings, and feeling pitied by others. Twenty-two items were written based on these comments.
Focus groups
The overarching themes that arose from the individual interviews served as a basis for more in-depth examination of physical-medical, emotional, and social components of HRQOL through a series of focus groups with community-dwelling individuals with SCI (12 groups; n = 65) and SCI clinicians (4 groups; n = 42) which were led by an experienced moderator (DV).
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Groups with individuals with SCI focused on one major HRQOL domain, either physical-medical, emotional, or social health, while provider groups covered all domains. Participants in all groups were asked open-ended questions about the definition of HRQOL and the ways in which an SCI could impact HRQOL. Participants were also asked to review and provide feedback on existing HRQOL domains and subdomains. A detailed grounded-theory based qualitative analysis of focus group transcripts was conducted 34 and within the broader domain of social health and participation, 10% of consumer comments and 6% of clinician comments were related to stigma. These comments were then reworded as 12 PRO items to form the initial basis of the SCI-QOL Stigma item pool. The project team made a decision to include only those items related to enacted and perceived stigma, or the way an individual believes they are being perceived or treated by others, in the new measure of SCI-related stigma.
In contrast, items related to internalized stigma, or one's perception of oneself, were included in the SelfEsteem item bank 35 which assesses myriad aspects of an individual's self-appraisal.
Inclusion of Neuro-QOL items
One of the primary aims of the SCI-QOL project was to optimize the Neuro-QOL measurement system for individuals with SCI. Thus, all Neuro-QOL stigma items were reviewed for content and potential inclusion in the SCI-QOL Stigma bank. The Neuro-QOL items that captured perceived or enacted stigma (e.g. 'Because of my illness, strangers tended to stare at me') were adapted and reworded to fit an SCI population. Conversely, Neuro-QOL Stigma items related more to internalized Stigma or self-appraisal (e.g. 'I was unhappy about how my illness affected my appearance') were moved to the Self-Esteem bank. Individuals with SCI are not sick and do not have an 'illness,' so all Neuro-QOL Stigma items containing the phrase 'because of my illness' were modified with permission to 'because of my injury' for use in the SCI-QOL. The preliminary pool of SCI-QOL Stigma items was largely based on the Neuro-QOL Stigma bank, with 24 verbatim items included. In every case of a 'new' (i.e. derived from focus groups or individual interviews) item with similar content to a Neuro-QOL item, the Neuro-QOL item was retained and the new item discarded. The Neuro-QOL Stigma domain definition 36 was adapted for an SCI population as follows: 'Others' perceptions of oneself and publically enacted negativity, prejudice, and discrimination as a result of injury-related manifestations.'
Item refinement
A thorough qualitative item review 37, 38 was conducted on all 'new' (i.e. not from Neuro-QOL) items. Initially, project co-investigators with expertise in social and emotional issues related to SCI reviewed all of the 'new' items, making suggestions for revisions and deletions as appropriate. Items in the initial pool were revised to optimize wording, eliminate redundancies, and ensure consistency with the domain definition. All retained 'new' items were also rephrased for consistency with the Neuro-QOL Stigma item context of 'Lately' and the response set of 'Never /Rarely /Sometimes /Often /Always.' Next, a series of cognitive debriefing interviews 39 was conducted with individuals with SCI (n = 5 per item). 33 Participants were asked to rephrase items in their own words and to describe their decision-making and response retrieval processes. Once the study team incorporated cognitive interview Inclusion criteria were traumatic etiology of injury, ability to speak and understand English, and age 18 years or older at the time of study participation. Level and etiology of injury and American Spinal Injury Association (ASIA) Impairment Scale (AIS) 43 grade were documented through medical record review.
Procedure
The thirty Stigma items were administered with other SCI-QOL items in interview format by trained study personnel using a customized web-based administration platform. Response cards depicting the appropriate response set for each item bank were placed in front of the participant (if in person) or provided to the participant by mail and/or email (if via phone). Interviewers read the items from the computer screen aloud and recorded the participants' responses which were uploaded in real time. The Institutional Review Board at each participating center reviewed and approved this study.
Analysis
There are two key assumptions underlying the successful application of IRT to any pool of items. First, the pool of items must be essentially unidimensional (i.e. assess a single dominant construct). Items within a unidimensional pool must also be locally independent, that is, the only factor affecting the response to any one item given the response to any other item is the level of the underlying trait in question. 44, 45 For this study, confirmatory factor analyses with MPlus version 6.0a were conducted to assess fit to a unidimensional model. 47 To assess adherence to the IRT assumption of local independence, items were evaluated for local item dependence (LID). Item pairs exhibiting a residual correlation >|0.2| were flagged and at least one of the items was removed from the item pool. Item slope (discrimination) and threshold (difficulty) parameters were estimated using the graded response IRT model (GRM). 48 The S-X 2 test using the IRTFIT 49 macro program was used to further evaluate item fit, with P < 0.05 indicating poor fit and P < 0.01 necessitating item removal. Finally, differential item functioning (DIF) analyses were conducted using lordif 50 to examine whether any included items exhibited bias towards any demographic or diagnostic subgroup. DIF analyses identify items that exhibit a difference in item response functions depending on injury subgroup or demography. The most important indicator of DIF is not whether items systematically differentiate relevant subgroups, but whether they do so even after controlling for the level of the underlying trait (e.g. stigma). 51 DIF was examined for six categories:
age (≤49 vs ≥50), sex (male vs female), education (some college and lower vs college degree and above), diagnosis (tetraplegia vs. paraplegia), severity (incomplete vs. complete), and time post injury (>1 year vs. <1 year). Items were flagged if the probability associated with the χ 2 test <0.01 and McFadden's pseudo R 2 effect size >0.02 (a small but non-negligible effect).
Transformation to Neuro-QOL metric Once developed, the initial IRT parameters for the final bank of Stigma items underwent a linear transformation to the Neuro-QOL metric so that SCI-QOL Stigma scores reference the same general neurological population as do the Neuro-QOL Stigma scores. The linking procedure, described by Tulsky et al., 33 consisted of 6 steps. First, the linking configuration was determined through counts of calibration and anchor items Anchor and calibration parameters were then identified for matched items. Linking was conducted using the Stocking and Lord 52 method. Scatter plots of item parameters and item response plots were created/examined for anchor items, transformation constants were estimated, and the initial item parameters were modified accordingly.
Short form development
For each SCI-QOL item bank, a short, fixed-length form has been developed. These 'short forms' provide a paper-and-pencil alternative to CAT administration. Project co-investigators considered both clinical relevance and psychometric item characteristics in the selection of short form items IRT parameters of slope (discrimination) and thresholds (difficulty) were examined. The most informative 1-2 items (i.e. those with the highest slopes) were chosen within each quintile of difficulty. Investigators then considered clinical relevance and similarity to other included items in deciding whether to retain those items selected for their psychometric characteristics, or whether to replace any of them with items with slightly lower slopes.
Reliability study A reliability study has been conducted with individuals with traumatic SCI as a part of an ongoing effort to quantify the psychometric properties of the SCI-QOL item banks. Participants recruited from 4 SCI Model Systems rehabilitation centers completed the SCI-QOL Stigma CAT and short form at baseline and 1-2 weeks. To assess test-retest reliability, Pearson's r and the intraclass correlation coefficient, ICC(2,1), 53, 54 were calculated and a Bland-Altman plot was developed.
Results
Participant characteristics
Detailed demographic information on focus group participants (n = 65 individuals with SCI and 42 SCI clinicians) 12 and on participants in the reliability study (n = 245 individuals with SCI) 33 has been published and is not repeated here. A total of 611 participants with traumatic SCI completed the SCI-QOL stigma items as a part of the large-scale SCI-QOL calibration study. Demographic and injury-related information on the calibration sample is summarized in Table 1 .
Analysis
A total of 3 CFA iterations were run. Five items were removed following the first iteration due to sparse data (i.e. fewer than 4 responses) in one or more categories (3 items) or low item-total correlations (2 items). Two of the removed items exhibited a category inversion whereby the mean raw score for individuals selecting category 5 was lower than for individuals selecting category 4. Following the second iteration of CFA, two additional items were removed for LID. CFA analyses confirmed fit to a unidimensional model. CFI for the final 23-item bank was 0.941, TLI was 0.935, and RMSEA was 0.088. Item loadings on the single factor were acceptable with R Table 2 . The final 23-item bank has a Cronbach's alpha value of 0.936. Item-total correlations range from 0.39 to 0.72. All of the items had more than 25% of the sample selecting category 1 ('Never') and less than 12% selecting category 5 ('Always'). Graded response model IRT analyses yielded slope values for the 23 items ranging from 1.10 to 2.87, with thresholds ranging from −0.87 to 3.95. Measurement precision in the theta range between -0.5 and 2.4 was roughly equivalent to a classical reliability of 0.95 or better. The S-X 2 model fit statistics indicated adequate or better model fit statistics for all but one item at α = 0.05 and all items at α = 0.01. 11 items were flagged for DIF in at least one category based on the chisquare test; however, when the effect size measures were examined, the DIF was negligible. The 18 retained Neuro-QOL items served as 'anchors' to conduct the transformation of item parameters to the Neuro-QOL metric. Following transformation, slope values for the 23 items ranged from 1.81 to 4.72 and thresholds ranged from -0.16 to 2.77 (see Table 3 ). Mean (SD) of the sample shifted from 49.82 (9.66) before transformation to 53.18 (6.69) after transformation. The SCI-QOL Stigma bank demonstrates excellent reliability. Using the calibration data (n = 611), Cronbach's α = 0.936 for full bank administration and α = 0.895 for the 10-item short form. Furthermore, the correlation (Pearson's r) between the baseline and 1-2 week retest assessments was 0.80 for the CAT (n = 245; P < 0.001) and 0.84 for the 10-item short form (n = 168; P < 0.001). ICC (2,1) was 0.79 (95% CI: 0.74 to 0.84) and a Bland-Altman plot is provided as Fig. 1 .
Assessment center programming and short form item selection
The IRT parameters for each final SCI-QOL Stigma item were programmed into the Assessment Center SM55 platform, where the full bank, CAT, and a brief, fixed-length 'short form' are available free of charge (see www.assessmentcenter.net). A total of 10 items were selected for the initial SCI-QOL Stigma short form (SF). In keeping with the naming conventions of the Patient Reported Measurement Information System (PROMIS), this form is called the SCI-QOL v1.0 Stigma SF10a. Short form items are indicated by bold text in Tables 2 and 3 . When administered as a CAT, by default Assessment Center will administer a minimum of 4 items and will continue to administer items until the standard error of measurement (SEM) falls below 0.3 or the maximum of 12 items is reached. Users may also modify these CAT parameters to ensure that participants complete a shorter or longer CAT. A comparison of the measurement precision of the full Stigma item bank, the Stigma CAT, and the Stigma SF10a can be found in Table 4 . Furthermore, reliability curves for full bank, CATs of varying lengths, and SF are located in Fig. 2 .
Scoring
Higher scores on the Stigma bank indicate a greater degree of perceived stigma. Though SCI-QOL scores were originally developed with a reference population of individuals with traumatic SCI, the transformation to the Neuro-QOL metric yields final standardized scores which now reference the mean of a broader population of individuals with neurological disorders. The Neuro-QOL normative sample for the Stigma item bank included 511 adults with stroke (n = 209), epilepsy (n = 183), Parkinson's disease (n = 50), multiple sclerosis (n = 84), and amyotrophic lateral sclerosis (n = 18) (diagnoses are not mutually exclusive). 37 Consequently, SCI-QOL Stigma scores are directly comparable to Neuro-QOL Stigma scores. For CAT administration, Assessment Center automatically transforms IRT-based scaled scores (theta values) into standardized T-scores (mean 50, SD 10). The short form does, however, need to be scored manually. Scores should be produced only for individuals who have completed all 10 items, and are computed by summing the responses to each of the items The lookup table provided as Table 5 can then be used to transform the raw score to the corresponding IRT-based T-score. A comparison of the range of scores and standard errors for the full bank, CAT, and SF administrations is located in Table 6 .
Discussion
Stigma, or societal negativity, prejudice, or discrimination is a significant HRQOL concern of many individuals with SCI. Developing and revising the SCI-QOL Stigma items based largely on the input of individuals with SCI and SCI clinicians has helped to ensure that the final SCI-QOL Stigma bank is conceptually grounded to relevant and important aspects of Stigma for the SCI population. It is worth noting, however, that developing items based on feedback from individuals with SCI does not mean that these items are only appropriate for individuals with SCI or that the items themselves could not be equally relevant for other disability populations (e.g. traumatic brain injury, multiple sclerosis). Conducting the calibration testing solely with individuals with SCI, though, has optimized the relevance of CAT-selected items for individuals with SCI. Furthermore, utilizing a linear transformation to place the item calibrations on the Neuro-QOL metric facilitating instantaneous comparison with the larger population of individuals with neurological disorders. The combination of qualitative item development and refinement methods used in conjunction with advanced psychometrics puts the SCI-QOL Stigma item bank at the cutting edge of test development.
Future research should ascertain if this item bank could be used to detect individuals at risk for poor psychosocial adjustment or if the perception of stigma is a state which could be treated. The SCI-QOL Stigma bank is not meant to be used as a diagnostic tool but rather to help researchers and clinicians assess and understand the impact of SCI-related stigma on individuals' HRQOL. The SCI-QOL Stigma CAT or short form could be included as an outcome variable in clinical trials or intervention research and may also be used clinically to better direct therapy and treatment.
Study limitations and future directions
A potential challenge faced by the SCI-QOL project team was the difficulty of creating a unidimensional assessment tool -a prerequisite for IRT analyses and CAT programming -while accurately representing multiple facets (e.g. perceived, enacted) of a construct such as stigma. There was some precedent to including them in a single item bank as the Neuro-QoL team had found that the items conformed to a unidimensional model. The SCI-QOL project team also wanted to include the most important aspects of stigma and see if the items conformed to a unidimensional model. Another challenge is that Neuro-QOL items were reworded, changing 'illness' to 'injury,' and an assumption was made that they would be psychometrically equivalent. We also felt that it is important to allow users a way to compare the SCI-QOL Stigma to the Neuro-QoL Stigma score to allow comparison across neurologic conditions. Therefore, we transformed the SCI-QOL Stigma scores to the Neuro-QOL metric as we had done in other groups. 33 Further work examining the possible effect of this wording change is important to do in future research to determine if the items are still measuring the same thing. Also, we had redefined our construct of Stigma and had removed some Neuro-QOL items related to how an individual feels about themselves (a construct we call Self Esteem), 35 further testing to examine if the underlying construct between the Neuro-QOL Stigma and SCI-QOL Stigma has changed. Other future directions include examination of responsiveness of the SCI-QOL Stigma item bank to change over time, development of clinically relevant classifications of SCI-QOL Stigma scores, and assessment of convergent and divergent validity with other measures.
Conclusions
The SCI-QOL Stigma item bank is a psychometrically sound measurement tool which can reliably estimate 
